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An engineering study of leading edge m':a8urexDet t methods was performed. Ir 
was concluded that use of thermocouples to measure the panel inner mold line (DfL) 
temperature would be highly undesirable . It was recommended that a pyrometric 
device y later termed a radiometer, should be mounted on the leading edge spar acid 
focused on the RCC panel inner mold line (IML) to measure TML t smpemture * 


SYMBOLS 


a angle of attack 

y specifc heat ratio 

A leading edge sweep, geometric 

^EFF effective leading edge sweep 

heat rate of leading edge stagnation line 
^1*R heat rate to a one foot radius sphere 

R leading edge radius 

^EFF effective leading edge radius 

^ACT actual leading edge radius 

Cp local pressure coefficient 

Cp 5 stagnation pressure coefficient 

Vo, freestream velocity 

f heat flux scale factor 

q' assuxned surface heat flux 

^REF preflight surface heat flux 


This paper compares typical data obtained during the first five flights, which 
included the OFT Program STS-1 to -4, to preflight predictions. Using radiometer 
data, a method was developed to adjust the heat flux levels and leading edge 
heating distribution to improve agreement between the predictions and radiometer 
flight data. This was accomplished by performing parametric thermal analyses at 
RCC panels 9 and 16 thereby establishing the required scaling necessary to insure 
agreement. The effect of scaling on internal insulation and leading edge spar 
predicted tempezatures was compared to flight data at panel 9 and an inves tigaticm 
performed using other panel 9 OFI to explain what at first appeared to be differ- 
ences between temperatures predicted using these RCC heating corrections and flight 
temperatures . 
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SYSTEM DESCRIPTION 


r.e :rbiter ving leading edge is a subsystem of the Thermal 
that has been designed to withstand entry heating for as ^ny 

miEsions. The leading edge consists of 44 reinforced carbon-carbon (RCC) wing 
paneir-- ^Lls per wing (fig. D. Left-hand and right-hand wing panels are 
Sirror’-ragL; howLer the molded, high-temperature processes used during fabri- 
cation retuire individual panel designs and fabrication tooling. 

A- T-seal tha‘ serves as an aerodynamic transition between adjacent panels 

to the ootboerd iutfece of e.ch p.eel. The £»-- 

iioorrtSlril^ .s .h e^pe-ie- d"i« .hich t. d..U»ed e.d £ tted to t»bo«d_.od 
outboa-d nating panels. The T-seal prevents boundary layer plasma flow frOT w.-e 
windward, high pLssure surface into the reduced-pressure 

en^Jr TiguL 2 is an exploded view of the panel shoving the panel assembly of a 
typical panel/T-seal set and the attachment arrangement for OV-.U^. 

Sicke’ alloy fittings fasten each panel at two inboard and two outboard loca- 
tions ca’-ed field breaks by means of brackets mounted from the wing box forward 
spar. --^3 arrangement allows easy assembly of the panel to the forward spar and 

rer^ltsTe^ovcl ot panels either singly or in groups. The s 

allow ad-ustment of the panel, thereby insuring proper alignment and fitup. Cross 
°h. p.~l .tthch.„t pUh. ..d .id-p.h.1 
the attachment arrangement and the other major subsystem assemblies, the spar 
insulatissi, and upper and lower access panels. 

A snar insulation blanket protects the alumin.™ wing box structure from the ^ 

intense radiant heating environment of the RCC cavity ity to 

Access as Che name implies, provide access to the leading edge c y 

rerfrrm"5:pUtions with the Sing panel on the vehicle and also permit access to 
the field break bolts for panel removal. 


Q 


LEADING EDGE INSTRUMENTATION 


V 


EariT in the Shuttle program, a study was performed to determine poss^le ways 

fiorrcTSimeLrr^asIflero^t'LS^se^^^ tJ^e^^e ^h^L'^env^onment . A 

of theraccuples was discarded for the following reasons. 

. Tie influence of the T/C on RCC panel structural integrity would be very 
difficult to assess. 

• A high-temperature T/C installation required ceramic bonding that would be 
hiSly susLptible to failure during the liftoff acoustic environment. 
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• Theraal ground test experience showed that the T/C juncticn would rapidly 
degrade. This degradation occurs at flight temperature levels as a result 
of T/C junction deterioration in the presence of silicon carbide, the RCC 
panel coating material. 

The only acceptable alternate proved to be a noncontact temperature-measuring 
device that operates similar to a pyrometer. This device, which was termed ^ 
radiometer, could be calibrated to continuously measure RCC panel IML temperatures 
during the entry ^ 

The radiometer is a thermoelectric device that functions in conjunction with a 
lens system tnat collimates incident thermal energy to a thermopile sensor. The 
sensor millivolt output is calibrated as a known function of source temperature and 
emittance and, in operation, provides a continuous readout of RCC temperature- The 
rensor/lens configuration was mounted in a thick-walled copper shroud that had 
been designed to maintain the radiometer temperature at acceptable levels. Figure 
4 shows the assembled radiometer. 

Five leading edge radiometers were installed in the OV-102 L/H leading edge to 
RCC temperature in two ranges: 302*F to 2570^F and 410®F to 3000“F. These 

two ranges were selected by considering the predicted flight temperatures and the 
desire to achieve maximum accuracy within each range. 

The leading edge radiometer installation had to be maintained in a thermal 
environment that would not exceed its operating temperature range of -250®F to 
600"F. This was accomplished by imbedding each device in a 22 PCF (LI 2200) RSI 
tile which, in turn, was recessed in the Inconel— Dyna flex spar insulation panel. 

The OV-102 type installation at panel 16 L/H is shown in figure 5. 

Five radiometers' were installed in four OV-102 L/H wing panels as shown on 
figure 6. Four of these were selected to measure maximun heating region temper- 
atures at panels 4, 9, 16 and 22. The fifth measured panel 9 leeward surface data 
so that data at two locations would be available to infer heat flux distribution at 
panel 9. Table I summarizes the radiometer location plan, identifies sensor number 
(V09T9909A, etc.), and denotes sensor function. 


PREFLIGHT ANALYSIS KETHODS 


Aero thermodynamic Kethods 

The wing leading edge of the Shuttle arbiter was aero thermodynamically modeled 
by first simplifying the design into its basic shape, a swept cylinder. Using this 
approach the leading edge consisted of a 45-degree swept cylinder with regions of 
higher sweep at the glove fillet and at the wing tip- 

Using this simplified geometric approach allowed the use of the swept cylinder 
equation: 
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In reality, the treatment of the leading edge as a cylinder was only appli- 
cable at the forwardticst regie-, since the cylinder region vas blended into air- 
foil sections forming the wing. To account for this change to the leading edge 
shock shape, wind tunnel test data were correlated to determine the relationship 
between the actual geometric radius and the effective radius that influences 
, heating. This analysis resulted in the following relationship: 


where 


and where 


- 



. ^^ACT 


£17 « EXP [f(a) - cos ‘ aJ 
^ACI 


f(a) - .18513-. 0240167G+.00280425a^.000024ct3 

In computing pressure, a simplified approach vas again taken to determine the 
pressure along the stagnation line of the leading edge, so that 


a 


C /Cpq - cos^ ^EFF 

^ max | 

These two approaches vere taken to define the environ8;ents to the stagnation 
line of the leading edge away from regions of disturbance (bow shock impingement). 

Thia approach was validated through wind tunnel test data. 

i 

To transfer from Che stagnation line on the LCC to the closeout HRSI tiles on 
the wing upper and lover surface, a modified Beckwith and Coben distribution * 

(ref. 1) vas utilized to allow for a smooth variation between leading edge and wing. I 

I 

I 

The prior discussion pertains only to the regions of the wing leading edge | 

outside of the bow shock-leading edge shock interaction (i.e., greater than 

35 percent semispan) . ; 

1 

I 

7 
? 

i 

1 

• i 

4 

: i 

• j 

j i 

/ ] 


1087 



Analysis of schlieren data, oil flow patterns, and heat transfer data from 
wind tunnel testa indicated that the bow and leading edge shock impinged with a 
resulting third shock and vortex/ jet impinging on the wing. The shock pattern was 
similar to the type V pattern of Edney (ref. 2). The tiain effects of this disturh- 
ar.ce were increased heating at 55 percent semispan on the leaning edge, earlier 
transition on the outboard portions of the wing lower surface, and vortex scrubbing 
on the outboard wing upper surface. 

By using heat transfer data obtained from thin film gage wind tunnel tests ard 
Che previously mentioned swept cylinder approach, the effects of shock impingemeni 
during wind tunnel conditions were determined. 

The importance of scaling the effects of shock impingement, from wind tunnel to 
flight conditions was indicated by the work of Edney and Keyes and Hains (ref. 2 
and 3) relative to y. These works showed that the theoretical calculation of the 
inviscid shock interaction flow field in connection with empirically derived cor- 
relations of the viscou;i interaction phenomenon caused the interaction to be Jiore 
severe as the specific heat ratio decreased. Additional ^inalysis by Bertin et al. 
(ref - 4 and 5) related the pressure changes across cne ’*Jvuble-«hock” system to 
shock pattern changes and thereby heat transfer with freestream velocity. These 
analyses were used to develop a scaling correlation from wind tunnel measured dat£ 
to anticipated flight conditions. 

In addition to scaling the magnitude of the shock impingement heating, the 
location of the shock interaction as it traveled along the leading edge was corre- 
lated with Y and Voo and allowed to vary throughout reentry. 

The combined effects of scaling the wind tunnel data to flight using the 
double-shock and traveling-shock procedures resulted in maintaining the maximum 
level of heating as indicated by direct scaling of the wind tunnel data but moved 
the peak heating location inboard of the wind tunnel impingement location. 

Thermal Analysis Methods 

The leading edge radiometers measured RCC IML temperatures directly, and these 
temperatures could be rapidly compared to OFT preflight IML temperature predic- 
tions. However, the primary purpose of the radiometers was to provide temperature 
data that would be used to calculate OML heat rate histories and heating distri- 
butions experienced by the RCC surface during entry. The conversion of IML temper^ 
ature data to OML heat flux predictions required a detailed thermal analysis of the 
radiation enclosure formed by the leading edge cavity that consists of the panel 
IML and the spar insulation surface. 

Two dimensional thermal math models (TMM) were developed to convert radiometer 
temperatures to surface heating- The TMM for panel 16 is shown on figure 7. 

Except for panel geometry, a second model developed for panel 9 is thermally iden- 
tical to the panel 16 model. As flight data became available, these modpls were 
used to perform analyses using data from the panel 9 radiometers V09T9926A and 
709T9927A and the panel 16 radiometer V09T9934A (see table I). 
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The panel 9 and 16 locations wore selected for flight data analyses since 
panel 9 is in the peak entry heating rone and panel 16 is in the naxinun entry 
airload zone. These two locations are the most critical of the leading edge sub- 
system. The panel 4 glove and panel 27, wing tip radiometer data are in t:uch less 
severe heating environments; however, radiometer data at th'iSe locations were 
useful to compare directly to predictions and provided the means to establish 
temperature/heating trends at these locations. If flight c 'a warranted study at 
the glove and wing tip environment in greater detail, ana! s sir ilar to the panel 
9 and 16 data analyses could be performed to establish he: ,ates it these loca- 

tions. After examining entry flight data, to conser'7e tir; , it was decided to use 
approximate methods of calculating heat flux at this time since, will be shown 
in the next section, the data at these two wing zorec were indeed thermal Ly less 
critical . 


OFT FLIGHT DATA 


Entry Trajectory Definition 

The development flight test program consisted of four orbital mi ’ons, STS-1 
through STS-4, with launch inclinations varying from 28.5 degrees to *,..5 degrees - 
All four entry trajectories were quite similar, with the majority of each entry 
having the orbiter attitude at an angle of attack of 40 degrees to the velocity 
vector. STS-3 and 3TS-4 differed slightly from the first two flights in that the 
flying time was approximately 100 seconds shorter for each flight. As previously 
noted, DFI were aljo recorded during the STS-5 first operational mission, and these 
data have also been included in this study. 


Flight Data Overview 

Unfortunately, because of a malfunction of the orbiter flight recorder 
during STS-1 and STS-4, only telemetered down-link data were recorded. Since 
down-link data can only be transmitted after the blackout period (approximately 
950 seconds) while the peak heating plateau extends frem 350 to 800 seconds, peak 
heating data were not available for these flights. Fortunately, however, this 
probloa was avoided during STS-2, -3 and -5 so that a full complement of DFI 
including leading edge radiometer data was obtained during these flights. 


Maximxnn beating radiometer data from ST3-1 and STS-2 are compared tc the pre- 
flight prediction for panel 9 (V09T9926A), 55 percent semispan, on figure 8 and for 
panel 1- (V09T9934A), 80 percent semispan, on figure 9. The predicted temperature 
is seen to be several hundred degrees lover than flight data at panel 9 while data 
and prediction are in excellent agreement at panel 16. From these comparisons, it 
could be concluded that predictions using the swept cylinder approach with modifi- 
cations based on wind tunrel data, such as the panel 16 aTialyKis. vere generall.y 
validated by flight data. However, at panel 9, which is in the 45 percent to 55 
percent semispan bow shock inter.jiv: tioi'. region, the predictions are low. inspec- 
tion of the temperature distribution provided by the panel 9 leeward radiometer 
(V09T9927A) plotted on figure 10 further substantiates this trend. 


Q 
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Panel 4 (40 percent setnispan) and panel 22 (98.6 percent semiapan) maximum 
heating radiometer data were compared to prediction by first calculating the 
surface heat rates at these locations. This comparison was completed for the 
reanainder of the wing by pe-rforming similar calculations at panel 9 and panel 16. 
Maximum heating was the^ plotted as a function of percent semispan on figure 11. 
Both the panels 4 and 22 heat rates in the glove and wing tip are substantially 
overpredicted, as had been expected since the swept cylinder approach is known to 
be conservative in regions of high sweep. 


TECHNICAL DISCUSSION 


The five radiometers in the leading edge provided the temperature data that 
were required to establish leading edge heating. To facilitate analyses, the 
leading edge was partitioned into three heating zones: 45 degrees swept wing, bow 

shock impingemert or double shock zone, and highly swept wing, which consisted of 
the wing glove and wing tip. The bow shock impingement zone, panel 9, was of 
particular interest since it was in the maximum heating zone. 

Two of the five radiometers were installed at panel 9. The first radiometer 
(V09T9926A) monitored peak heating temperature and the second (V09T9927A) was 
focused on the leeward wing surface. It had been planned to use the data from 
these two instruments in combination to determine both heat flux level and heat 
flax distribution for the panel. Other radiometer locations were the highly swept 
viug glove panel 4 (V09T9909A), the wing tip panel 22 (V09T9940A), and the 
45 degree swept wing outboard of the double shock zone at panel 16 (V09T9934A). 

The panel 9 peak heating region and panel 16 maximum ascent/entry airload 
location were selected for study because they are critical to the thermal and 
structural evaluation of the leading edge subsystem. It was for this reason that 
math models had been developed to analyze these locations. 

Revision of wing heating methods would be as accomplished in two steps. 

1* Thermal math models would be used to perform parametric analyses to establish 
heating levels and beat flux distributions and to improve agreement between 
RCC predictions and flight data* 

2. The amended heating would then be as the basis to revise aerothermo 

correlations used to predict leading edge heating rates. These revised 
correlations would then be employed to perform aerothermo analyses for ETR 
missions and might also be used to estimate heating for other missions such as 
WTR missions. 

Other DFI that provided spar insulation surface temperature, spar temperature, 
and attachment temperatures were also used to validate the heating update. 





Double Shock Region Analyses 

The peak windvard heating and that preflight STS-1 

,.ted to piodUtions oo ^- 5 „tote> provided tie ptopor beatios tteod, 

“r'«:i”predirt:d tbo 

:“rpir»e:rireitr“trroaSir'. ”»’i"i.r. ^ 

defined as 


^KEF 


where 


q q(0 ,Tw,S) 


and 


0 » Time from entry interface, seconds 

TV » Surface temperature, "F 
S •• Surface location, inch 

RCC temperature vas then plotted as a function of the multiplier (1) to compare 
rfi' h flight data* 

V. arinff (V09T9926A) and leevard (V09T9927A) 

These curves for both peak e g to be linear an 

0. 0ter. «. Plottod op figoroa l^od 13. Bott P „„ i. con^tod 

1. dic.to pool ” fir bith ~»i-» beatipg ood lo»ard 

":«• Ti:oto“°a< taliotad to boat rapra.a.t tb. flight data r»« 

both radiometers. ^ 

*t tbi. ti. 0 , aaotbor papal 9 .ball “it/'of'S'a^l^ti. .'r'a;;'' 

Pobla 11 ao-atitaa PCC p.oal 

.calar..rfaaa baatiag (f ‘ ' 'fL .bo™ b, 

flight maximum temperatures. ^ fi«e data are compared to the revised p 

ard 15. iP Pbiob " £“''rt“^irtiop batpoap pradiotpd ECC t«.^Mtpra 

diotiopa. Tba ootvaa f—rovad .beP tba 1.3* fpatot IP 

ppd rpdiopatat data la .obetaptiallj w thraabold taapatatata. 500 P 

Epdiopatar dpt. could pot ba J„par.t»ta a...ora.a«t.. ao.ai.tiPg of 

OP tbo figPraa. tS^rrooOpS“.T.d t^'.trpatpr.l forvard .par ncaapra- 
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The peak insulation temperatures in table III are seen to exceed flisht 

temperature. After studying the other DFI data at panel 9, a reasoaab'e 

“«r™Ling nigh^"dar'°bt''"' explanation is best understood by 

station 10. ^ ^ ^ obtained at the panel 9 outboard attachment, rib 


P""«^i"ticns for the RSIO panel clevis and spar are compared to 

'►tachmonf^ respectively. The accuracy of the RSIO 

»utactaent math model used for the predictions had been verified with full-scale 
^O-ond te.t d.U „btdi..d .t the SASA Johnson Space Center Radiant Heating TeaJ 

^pai Utref”t;° "‘a' f”**” "" ‘ “*'> l-el in Se 

^ ^ the models to accurately predict attachment temperatures. However 

test correlation had been performed for a purely conductiL/radiation Ust 

e^ironment. Removal of leading edge panel 9 after the OFT flights had shown that 

la'vuf fri^ III P"«%the lover access panel thermal\ar tiers i^o tie 

both on th 1 ■ ^ Windward surface. High-temperature gas streaks were evld-d-Tit 

clevis bracket and the lower attachment 

h- a “odel had been "tuned" to a radiant heating ground 

eraSLn?r?h t boundary layer heating or the surface pressSrf 

flSr in-flow and gas streaking that occur during 

preflight analyses would be a potential 
source of deviation between prediction and flight. ^ 

that this was the case, and inspection of th- panel 
™ bracket flight temperature traces for STS-2 clLrly show that^ 

fiSre 2Tbrth“"'' influenced these temperatures. This is most cLar" on 

tw I bracket temperature (V09T991lA)^at .RSIO 

t^t ‘'-an only be heat transfer from initially hot gas in-flow followed by a sp^ke 

bracJercoolinr^‘'?he^\''°“^‘‘ indicate a reduced inflow gas temperature and 
bracket coolmg. The subsequent reversal and increase of the bracket temperature 

lol the alu^inm wLg 

* vection IS also felt to be present with the panel clevis (V09T9919A) whose 

"I fig«te indicates ha air in-S^ 

produces a net cooling of the clevis. 

From the foregoing flight data and consideration of the spanvise pressure 
dro«urii“tSe^v“02°!eadina "d f’^«^ther concluded that air flow and convection 
the temperatures of subsystem cLpLenC'^in^ths Mvityr^it^ru^ely.^JLJef ^ 

•• 

With convection present in the panel 9 cavitv Ic t-ppo^„=ki„ ^ 

.ir co„ecti<,„, „„ ,,, “"‘J; “ 

and^lLJr/?® difference observed between the predicted insulation temnerlture 
and flight data shown on figures 16 through 18. In this case, the consistently 

i~S.tTon th.t .her. ie . ee. eoolieg of the 
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Table HI shcvs that the aodel gives a reasonable f " factor s^to^^ 

temperature that addt ^ b^^ph^ 

simulate soakback heat loads to th p • vine box are not adequately 

the complex construction and heating predictioc is considered 

rodeled in the panel 9 TIIM and that the spar temperature preaictiom 

only an approximation. 


45 Degree Swept Vjing Analyses 

The logic used to develop the surface '^^^/gbocx^mp^ 

to panel i&, which is outside ^3 located at panel 16, panel 9 data 

Although only a single radiometer CV09T99J4A; was i distributions are 

indicated it was reasonable to assume that temper . 
the saTue as predictions. 

Comparison of 3TS-2 radi^neter data to the p^e'diSron! 

showed excellent agreement, and oily study (figure 21) showed that heat 

were evident The P-f l preflight pre- 

tlui requited to ,„ept-«ie8 Lthod. aot.ide --.f the shoot 

u.e.! £ . - 

eoue. ■;“r'irubIe‘’'v/“rfot!Lt.l,. th. ittuUtioh eutfsce 

tEocou^L mlTMnl h^d bee. lost ptiot to SIS-1 so thst s t»p*ti.«. of 
insulation flight data at panel 16 was not poosible. 

Highly Swept Wing Analyses 

, , data (V09T9909A) and panel 22 wing tip data 

Both panel 4 wing glove radiometer da a lo„pr -ban p-gdicted (see 

(V09T9940A) indicated heat f.ux levels substanti y ^ ? plotted on 

fig. 11). The comparison of temperature history to fl g P ^2 for 

„|„es 22 spd 22 f—d tbs : this -s teue « P.» te.pet- 

th. folloving reason. * J’‘°' p“nel^2 prediction i. i» etoellent sgree- 

ature ovetpredicticn of 260 t while th p P bouodarp Isjer 

t"Lrtion"r.t“w“^'.s.».:rrn ^^^'roSed 

provided transition is ignored- 

Analyses Sunmiary 

l-be results of the discussion a« aS^Llle'' favors f 

provides temperature compari 1 . 0 ns ® analyses, will improve heating/ 

t^p;r:J"e'preSutronr:t JS thr'L wing leading edge heating zcmes considered. 
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CGNCLITjDING remarks 


Leading edge panel theraal math models have been developed and used to 
establish scale facti^rs that, when used in conjunction with preflight beat’'''' 
improve the correlation with flight radiometer data. These factors' may- be Sed 
to perform leading edge analyses for the 45-degree swept wing zone, double-shock 
region, and the two highly swept wing zones. Data from other DPI at panel 9 
generally corroborate the revised surface heating approach: however, there is 
evidence that RCC cavity air convection influences subsysten internal component 
temperatures. This source of heat transfer is not fully understood at this time 
and could rot be included in this study. 

This leading edge heating update will form the basis for revision of aero- 
^ermo analysis methods used to predict the leading edge heating environments. 
These revised methods can then be «®ed- to analyze future ETR missions and to 
estimate environments for other orbiter missions. 
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TABLE III. -PANEL 9 INSOLATION /SPAR FLIGHT DATA CORRELATIOS 


Maximum Temperature 


Component 

Sensor 

V09TXXXXA 

Flight 

u 

1 

f = 

1.34 

Insulation 





Lower surface 

9922 

2010 

1986 

2180 

Center 

9918 

1835 

1930 

2100 

Upper surface 

9923 

1750 

I860 

2040 

Spar 





Lower spar cap 

9915 

290 

229 

280 

Upper spar cap 

9911 

210 

210 

250 

Average 

- 

250 

220 

265 


T^LE rV. -PANEL 16 FLIGHT DATA CORRELATION 


Maximum Temperature, 


Sensor 

V091XXXXA Flight 


Component 


RCC, max heating 9934 

Insulation center 9931 

Lower spar 9929 2 


♦Data questionable for STS-1 through STS-5 


















TABLE V.-WING LEADING EDGE BICOMMENDED SCALE FACTOiS 




Radicmeter 

RCC Haximuin 

Temperature, "F 

RecoEi&fnde<l 
Scale Farcor, 

’anel 

Semispan 

V09TXXXXA 

Preflight 

Radiometer 

Revised 

4 

40Z 

9909 


1800 

1800 


9 

55Z 

9926 


2480 

2500 

1.34 

9 

552 

9927 


1910 

1925 

1.34 i 

16 

802 

9934 


2110 

2100 

i.c ; 

22 

98.62 

9940 


1835 

1800 

l.D ; 

1 


Note: All temperature are RCC inner mold line 
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Flgi’re 9.- Panel 16 radiometer V09T9934A data comparison 

to prediction. 
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Figure 10,- Panel 9 temperature distribution 
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Figure 11.- Spanwxse maximum heat rate comparison 
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Figure 12.- Parametric scaling of predicted radiomete: 
V09T9926A temperature. 
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Figure 13. Parametric scaling of predicted radiometer 
V09T9927A temperature. 



Figure 14.- Panel 9 maximum heating radiometer V09T9926A 
temperature prediction (f = 1.34), 


TEMPERATURE, 



Figure 15.- Panel 9 leeward radiometer V09T9927A 
temperature prediction (f = 1.34). 
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16.- Panel 9 lowe^ insulation temperature prediction (f = 
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Figure 2C.- Rib 


station 10 lower spar bracket temperature comparison 




2200 

2150 

2100 

2050 

2000 

1950 

1900 

0.6 


a. 

Z 


< 

z 


0.8 1.0 1.03 1.2 
SCALE FACTOR, f 


1.4 


Figure 21. Par ame tric scaling of predicted radiometer 
V09T9934A temperature. 



Figure 22.- Panel 4 radiometer V09T9909A data 
comparison to prediction. 
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